Student assessment involves balancing assessment aimed at making decisions about students and their progression (summative assessment) with assessment that provides students with feedback to enhance their learning (formative assessment). Formative assessment is performed in the spirit of "assessment for learning" rather than "assessment of learning." 1 By providing feedback and guidance to students, formative assessment has positive effects on learning and performance. 2, 3 It is an essential element of self-regulated learning 4, 5 and informed self-assessment. 6 When done thoughtfully, it can be a catalyst for growth and development, 1, 7 reducing uncertainty and leading to more focused and efficient gains in skill and knowledge. 8 Summative assessments typically occur at the end of a program or an experience and translate into a score or grade, allowing educators to compare learners and to determine whether they know enough and demonstrate competence to progress. However, when practicing summative assessment, we are acting far more as regulators than educators. Although summative assessment is certainly necessary, our assessment focus must be far broader. The educator's role, accomplished via formative assessment, is to impart information, instill values, and inspire excellence and ongoing learning.
Formative Assessment in Light of Current Educational Trends
Self-regulated, lifelong learning; learnercentered curricula; and a focus on learning outcomes through competencybased assessments have been prominent themes in the curricular reform movement in medical education over the past decade. 9, 10 Competency-based assessment that links learning outcomes with specific learning objectives requires continuous and frequent assessment. 11, 12 Actively engaging the learner, through activities such as self-directed assessmentseeking behavior, 13 in which students actively seek feedback on performance for the purpose of improvement, is considered an essential component of competency-based medical education. 12 An assessment system that enables teachers to assist students in developing and achieving their learning goals is a vital component of a learner-centered curriculum, which addresses the needs of millennial learners, many of whom engage in independent, asynchronous learning.
The Case for a Formatively Focused Assessment System in Undergraduate Medical Education
The Liaison Committee on Medical Education (LCME) has mandated formative assessment as a requirement in undergraduate medical education (UME) through midclerkship and/ or midcourse feedback to students for remediation purposes. 14 To serve as a critical contributor to medical students' education, however, formative assessment must be at the heart of their training, not just included to satisfy accreditation requirements or to ensure that everyone passes. Unlike other professional training cultures such as music and sports, in which feedback is expected, respected,
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and given regularly to all learners, we have not yet cultivated a true feedback culture in medical education. 15, 16 Formative assessments typically used today could be likened to a series of punch biopsies performed by independent physicians who do not communicate with each other. They are highly context dependent, often done on the fly, and focused on ensuring that the learner is doing well. These assessments do not go very deep, nor are they truly valued by the students because they do not "count for a grade." They may uncover a potential problem, but remediation efforts are usually limited to the time of that teacher's course. Information, negative or positive, is rarely passed on to future courses and instructors.
We suggest that assessment is most useful when it is part of an organized and ongoing process rather than a set of unrelated events. The process should generate information that (1) is systematically translated into detailed feedback that informs students about their performance, (2) leads to the development of specific plans for improvement supported and guided by faculty, (3) is subject to followthrough whereby students present evidence of progress, and (4) is part of a continuous cycle over time. Such a process would encourage the learner to engage in a personal, educational plan-do-study-act (PDSA) cycle (see Figure 1 ), a commonly used framework in quality improvement in medicine, 17 and applicable to continuous improvement throughout all four years of medical school, into residency training, and beyond. In fact, this cycle is most effective when teacher and student collaborate in a dynamic relationship of teaching and learning informed by formative assessments.
The Next Accreditation System 18, 19 in graduate medical education (GME) integrates formative and summative assessments into one system, with formative data gathered systematically and shared deliberately with the learner over time, ultimately informing the final summative decision. Multiple assessments by multiple assessors inform clinical competency committees' evaluations of a trainee's progress every six months, and specialty-based milestones are used to give more granularity about the level of competence attained. Milestones decisions are informed by individual workplace-based assessments which provide feedback to the trainee in the moment. Milestones are intended to serve as a framework for formative assessment 20 and to promote a longitudinal, developmental approach, over the course of a residency program, to achieving competence and becoming ready for independent practice. This new assessment system shifts attention away from performance and instead emphasizes learning in much the same way that we are advocating for UME assessment. A formative focus in UME better prepares students for residency training, which now demands ongoing formative assessment wherein integrating feedback into practice is critical for developing competence and improving quality of care and patient safety.
Challenges to Building a Formatively Focused Assessment System in UME
Educators in GME face numerous challenges in implementing a formatively focused assessment system, including the feasibility of frequent, accurate, and reliable workplace-based assessments. However, their summative duty-to certify that those completing their program are fit to be independent practitioners in their specialty-emphasizes the need to be absolutely certain that the assessment process identifies those who are not ready to provide high-quality care and ensure patient safety. In contrast, the challenges for assessment in UME are considerably more diverse; faculty might be uncertain about expected standards of competence and potentially less invested in learners who are not entering their field. Further, students often come to medical school from a culture that focuses on individual achievement and competitive advantage, 21, 22 and they may Figure 1 The educational plan-do-study-act (PDSA) cycle. A tool adapted from PDSA cycles commonly used in quality improvement in medicine, 17 that can be used by teachers and students to guide learning in a formatively focused assessment system. not be prepared to accept constructive feedback or to trust that anything but positive feedback will somehow put them at a "competitive disadvantage." They may not see the value of formative assessment if it does not "count towards the grade." Teachers in UME often view themselves narrowly as imparters of knowledge, leaving assessment to others. Compounding the problem, their exposure to students is typically brief, so that by the time teachers come to know their students' strengths and shortcomings through some form of assessment, the students become someone else's "gift," if they are strong-or "burden," if they have challenges.
Conceptual Underpinnings of a Formatively Focused Assessment System
An assessment system that emphasizes the formative can only thrive in a culture that embraces and supports improvement. Referring largely to individual orientations, psychologist Carol Dweck has distinguished between a "performance" orientation versus a "learning" or "mastery" orientation. 23, 24 In the system that values the former, students have the goal of looking good, to make others think favorably of them. With such an orientation, students are prone to hide errors, mask or deny any uncertainty, and view feedback as punitive and generally to be avoided. In contrast, a learning orientation is one in which the student's goal is to improve-to gain mastery over the subject or skill at hand. With a learning orientation, students would freely admit uncertainty in order to gain advice and counsel. Feedback would be welcomed as a way of ascertaining where and how to improve.
For formative assessment to be effective, a medical school can (and must) create a culture in which a learning orientation can thrive. This begins on day one of medical school, when students are told that they can take risks and expose both their strengths and challenges, and that principle is reinforced throughout the curriculum. In such an environment, educators care as much about students' questions as their answers, the rationale for their responses as much as the responses themselves. A formatively focused assessment culture not only can thrive when a learning orientation exists but also, in the spirit of "assessment drives learning," can facilitate its existence. However, as important as it is to tell students that inquiry, curiosity, and risk taking are valued, espousing the rhetoric of a learning environment in the presence of an assessment system that supports looking good creates a hidden curriculum 25 that can be damaging.
Vygotsky's 26 theory of the Zone of Proximal Development (ZPD) is also useful in informing a formatively focused assessment system. The ZPD is defined as the "learning edge": the knowledge or skills that are at the limits of a student's competence, the ones by which they are challenged but that are achievable through guidance. According to Vygotsky, a "knowledgeable other," someone who has mastered the area already, needs to coach learners in their ZPD. Formative assessment is critical to this coaching. Empowering faculty to function as "knowledgeable others" in the ZPD and building the trust of the students that faculty will function in this way would be a real culture shift toward an educational system that encourages learning over performance.
Implementing a Formatively Focused Assessment System in UME
A systems approach to assessment design has been endorsed in the literature. 27, 28 Ideally, such a system would encompass the complementary functions of formative and summative assessment. 27 In the following section, we review the elements, characteristics, infrastructure, and resources necessary for a formatively focused system.
Elements
Virtually all assessment approaches can be used in formative assessment, as long as they are specifically devised to emphasize providing feedback that encourages self-reflection and are used to direct, guide, and catalyze learning. For example, workplace-based assessments such as the American Board of Internal Medicine's Mini-Clinical Evaluation Exercise 29, 30 can be a powerful tool for improving the clinical skills of students and residents-if at the end of each encounter, the faculty member and student engage in a brief discussion wherein the trainee offers a self-appraisal and the faculty member offers additional feedback, with the goal of creating a plan for improvement. Although simulation is often thought of as summative assessment, debriefing sessions can also help learners understand expected standards, improve their motivation to learn and their ability to self-assess, and promote deliberate practice. 31 Even traditional forms of summative assessment such as multiple-choice question exams can be used formatively by encouraging learners to analyze their results to identify knowledge gaps and generate plans for closing those gaps.
Characteristics
List 1 highlights the characteristics of an institutional culture that would support a formatively focused assessment List 1
Institutional Characteristics of a Formatively Focused Assessment System
Institutionally, a formative assessment system should:
• Be organized, integrated, and comprehensive, having the characteristics of a coordinated and unified system.
• Be complementary to the summative assessment system. In mapping a system, educators should consider purpose and optimal use of formative and summative elements.
• Provide data and feedback in many different forms from a variety of sources.
• Have both central stewardship and local accountability. A designee of the medical school should oversee both formative and summative assessment systems to ensure that both assessment functions are serving to complement one another.
• Be seen as a continuous process over the learner's entire tenure and implemented at multiple points in time.
• Include systemic collection and utilization of assessment data so that feedback and improvement discussions become part of a team effort rather than a private transfer of information between learner and teacher.
• Place responsibility for improvement on both learner and teacher, and hold both accountable for seeking and monitoring progress.
• Include learner sessions on how to effectively seek, receive, and use feedback.
• Include faculty development sessions so that teachers can learn how to engage as coaches, using appropriate motivational techniques to encourage self-improvement in learners.
system, including central oversight and commitment to a longitudinal four-year approach. List 2 articulates attributes of this culture's learner-teacher relationship. Embedded within this approach is the development of close, trusting studentteacher relationships focused on honest and specific feedback, reflection, and promotion of student development.
Infrastructure
The foundation of any competency-based assessment system is a set of defined expectations for achievement. While goals and objectives are required by the LCME, they are related to levels of achievement either at the end of courses and clerkships or at the end of medical school. In a formatively focused assessment system where the development of competence is monitored longitudinally, it is essential that both learner and teacher identify milestones-conceived as markers of progress-in knowledge and skills across the curriculum. The RIME (reporter-interpreter-managereducator) framework 32 is an example of a developmental framework for assessing skills and providing feedback across clinical learning experiences in UME. Entrustable professional activities (EPAs) also can be used to guide undergraduate learning across the arc of the medical school curriculum. 33 On this foundation of well-defined markers of achievement stand four pillars to support the formatively focused assessment system: faculty development, learner development, a longitudinal advising and coaching program, and a method for documentation.
Faculty development.
Building an effective student-teacher relationship is essential to optimal learning and can be taught explicitly. 34 Faculty must learn to articulate the importance of both formative and summative assessment, as well as their role as assessors and coaches, as a critical step in promoting trust. Feedback strategies should be tailored to building the student-teacher relationship and challenging learners to self-assess and develop their own strategies for improvement. The ask-discuss-ask feedback framework 35 is designed to achieve these goals. Faculty development should also focus on developing and disseminating a shared mental model for milestones and a time frame for achieving competence. Finally, faculty need to be trained in Vygotsky's ZPD, to serve as the "knowledgeable other," encouraging students to discover and share their "learning edge" and coaching them for improvement.
Learner development. The process of training medical students to become engaged in the cycle of feedback, development, and growth begins with creating a learning/mastery culture where students feel safe, even rewarded, for acknowledging their limitations and seeking feedback. This should begin on entry and progress throughout their four years of medical school with increasing responsibility placed on the student for self-directed learning and self-assessment, and engaging in effective student-teacher relationships. Students should also receive specific training on how to seek and integrate feedback, calibrate their self-assessments, 36, 37 and engage in PDSA cycles informed by both summative and formative assessments. Finally, students should be assessed on their ability to receive and integrate feedback as a part of developing competence in practice-based learning and improvement critical to success in GME.
Longitudinal academic advising and coaching. A longitudinal academic advising program, in which faculty members become closely invested in their advisees and students come to see faculty as valuable resources, is essential to our proposed system. Advisors would have access to students' summative evaluations, as well as formative evaluations, and would be responsible for assisting them in developing individual learning plans (ILPs). 38 This advising program should be complemented by an effective coaching culture in courses and clerkships, with a focus on promoting deliberate practice through ongoing formative assessment. 39 Both advising and coaching programs require establishing a trusting relationship between teacher and learner. Ideally this is achieved through sustained, longitudinal relationships, more easily implemented in an advising program than in a clinical coaching program, given the short curricular rotation blocks for students and shorter inpatient blocks for faculty. Building trust and continuity in learning, teaching, and assessment has been addressed in the movement toward learning communities in UME 40 and in longitudinal integrated clerkships. 41, 42 However, many schools have not found it feasible to structure longitudinal List 2
Learner-Teacher Relationship in a Formatively Focused Assessment System
Interpersonally, the nature of the student-teacher relationship in a formative assessment system should:
• Be developmental. Markers or milestones must be laid out for both assessors and students so that they have a sense of the proper expectations and faculty can communicate how the student may reach the next level.
• Be learner centered. Assessment methods should relate to the student's learning goals, and the student's performance should be related to external measures of performance.
• Be improvement focused. Learners should be encouraged to work constantly towards continuous improvement and aspire to excellence rather than accepting a test score, even minimal competence, and then moving on to a new subject.
• Encourage student self-reflection. Students should be encouraged to take responsibility for assessing their own performance so as to improve skills in self-assessment and internalize skills for using feedback to improve performance.
• Draw on a broad range of assessment data, which encourage exploration of the learner's thinking process and multiple dimensions of performance.
• Involve regularly scheduled feedback to the learner to close the loop. Feedback must be regularly scheduled rather than exclusively "on-the-fly," and be substantive and specific to motivate the learner to continue improving.
• Encourage relationship building. Feedback should be given face to face, with a coaching focus so as to strengthen the bond between learner and teacher.
• Include follow-up to ensure that the learner is accountable for continuing to work on performance issues.
• Provide learners with directions and resources to improve, rather than just vague encouragement, and encourage the learners to identify their own strategies for improvement.
• Promote teacher self-reflection on the nature of the feedback conversation and ways of making it more effective. student-teacher experiences, and further, the challenge in passing on and conveying information about a medical student's strengths, challenges, and competence to future teachers or course directors persists. Much controversy surrounds sharing information about students, or "forward feeding," in UME. Some have warned about the dangers of self-fulfilling prophecies, labeling, and potential stigmatization, while others argue that when done correctly, sharing information for the student's benefit contributes to meaningful longitudinal assessment and develops better doctors. [43] [44] [45] In fact, forward feeding has been endorsed by a majority of internal medicine clerkship directors 46 and may be a critical element of systematizing formative assessment throughout a student's education and promoting accountability for learning outcomes.
One way to generalize the continuity of learning and assessment is to charge both teacher and learner with carrying information forward. For example, in an interview at the end of a course, a student would share strengths, challenges, and learning goals and receive feedback from a faculty member. Students would then meet with their advisor to develop a learning plan for the next clerkship and arrive prepared to share it and implement it as part of their educational PDSA cycle. The teacher would be prepared to receive this information and use it to help build an effective collaborative coaching relationship with the learner.
Formative documentation. Required documentation of learning activities, competence achieved, and feedback given is essential in a formatively focused assessment system. While the transcript serves as a formal documentation of summative assessment, formative assessment is less likely to be documented longitudinally unless a learner is experiencing serious difficulties. Although used by many strictly for summative purposes, the portfolio can be used equally for documenting developing competence. Portfolios can be most effective when advisors review and assist in the interpretation of the evidence 47 and work with learners to revise ILPs with an eye toward monitoring ongoing progress. 48, 49 Resources Much of what we propose demands strong leadership and management of cultural change and a retooling of existing infrastructure, rather than a large outlay of capital for new programs.
Markers of achievement of competence may be developed through national organizations, similar to the Association of American Medical Colleges' development of UME EPAs. 50 While recruiting faculty to serve as longitudinal academic advisors or coaches may require resources to support their time, the improved transfer of information may actually make teaching and learning more efficient, and stronger studentteacher relationships may make it more rewarding.
Conclusion
Formative student assessment must be seen as a continuous process involving several components forming a closed loop: collecting relevant, usable information; sharing that information between a student and all those with whom he or she interacts; developing self-directed (but closely overseen) learning goals along with guidance and resources for accomplishing these goals; and regularly following up to identify progress and any barriers to achieving those goals.
Although not often recognized, the parallels between the principles espoused here and those of quality improvement in clinical care are noteworthy. How different is a commitment to patientcentered care from a concern for learnercentered education? Continuity and coordination of care seem equally relevant when we talk about improvement of the student as well as recovery of the patient. Assessment and quality care both work best when all of the elements of the system are in sync, and when we have teamwork among professionals working together rather than relying on the skills of isolated individuals. It is crucial in both patient-centered care and learnercentered education to know how to conduct successful handoffs and engage in constant monitoring. In essence, quality formative assessment of medical students is little more than the practice of good medicine, and we should be as committed to it in the educational sphere as we are in the clinical. It is this approach that will lead to physicians who will learn and grow throughout their careers and, thus, provide the best care to their patients.
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